Abstract-Although rule-based object-based classification can often perform better than the supervised approaches, its attribute selection is very time consuming and hardly transferable between different urban areas. The purpose of this study is to identify transferable rule-sets for different areas from QuickBird satellite imagery for urban areas consisting heterogeneous man-made and natural features. Object-based classification was used in this research, and a mathematical method was proposed for rule transferability for different urban areas.
I. INTRODUCTION
Remote sensing is known as a useful tool for extracting information about urban environment, among urban planners and policy makers for complex urban environment [1] [2] [3] . Detailed discrimination of urban land-cover types can be achieved from very high spatial resolution (VHSR) imageries such as Ikonos, QuickBird, and GeoEye1, WorldView-2. Object based classification method can be used to overcome the misclassification of traditional pixel-based classifiers and utilize both spectral and spatial information of objects. Several studies utilized the object-based classification for detailed mapping of urban classes [4] [5] [6] [7] . This classification starts with image segmentation to split the image to homogenous image objects and integrate spectral, spatial, and textural information [8] . Object-based classification can be either rulebased or supervised. Rule-based classification regularly performs better than supervised techniques and requires the selection of optimal attributes for rule-set developments [9] . However, attribute selection is very time consuming and requires well trained analyst. In addition, the generated rulesets often are inapplicable for other urban areas. By applying transferable rule sets, the image analysis can be continued for other study areas and similar land-cover classes; therefore the consumed time for selection of optimal attributes can be *Corresponding author minimized and classification process can be expedited [10] . This study aims to come up with transferable object-based rulesets to minimize the processing time of rule-based object-based classification.
II. STUDY AREA AND DATA INFORMATION
The data (figure.1) is from QuickBird satellite with 0.6 meter resolution for panchromatic band and 2.8 meter for the multispectral bands and has 61-72cm (2-2.4ft) panchromatic and 2.44-2.88m (8-9.4ft) multispectral sensors. Image pansharpening was performed to provide the better visualization of urban land-cover classes [11] .
III. M METHODOLOGY
The ENVI feature extraction was used to generate rule-sets of object-based classification. It uses edge-based segmentation to partition images into different segments on the basis of similar spatial, spectral and textural attributes. Image segmentation is the first step taken by object-based classification to divide image features into meaningful objects. The importance of image segmentation, as a primary part of image classification which separates the image into smaller regions or objects [1, 2, [12] [13] [14] , is obvious as it makes the classifier able to extract the desired object in an image. Higher level of accuracy can be achieved by using multi-scale segmentation and merging. Very high segment scale and merging might cause feature loosing and over segmentation may cause if the scale is low. Merging step is to refine the segments into best size (figure 2). Recently, several authors have proposed multi-scale segmentation algorithms for HR imagery [15, 16] . In this study multi-scaled segmentation and merging was performed for different feature classes to achieve best feature extraction (table 1) .
B. Rule-based development
Envi feature extraction uses object based classification, based on spatial, spectral, and texture attributes [17] [18] [19] [20] . Feature extraction was done on first image; segmentation and merging was performed with different scale level for different feature classes. The classification objects for this study are divided into seven classes; water, shadow, grass, tree, steel roof, concrete tile roof and road. Related attributes to each class was defined for the software depending on characteristics of each object class. Rules in ENVI are made based on fuzzy logic theory [15, 21, 22] which uses membership for each pixel to each class. In this study S-type membership was used for creating the rules which comes in three threshold; less than, greater than and in between. Rules were created by changing the threshold values of each attribute for each class based on trial and error.
C. Rule transferability
A transferability test was done on second study area and image to test if the same rules will extract the same land-cover classes without any changes in the rules. The only difference was on the available threshold of two subsets, which need to be considered in transferability of existing rule-sets. For this purpose a program was written by python programming language to generalize the threshold for the new images. . 3) For example, in first area's attribute threshold, from -1.0000 to 0.7319 is available and the optimum threshold selected for this class is from -1.0000 to -0.2393. In second area, the available threshold is from -0.6207 to 0.7549, therefore the optimum threshold selected for this attribute of class would be from -0.6207 to -0.0165.
D. Accuracy assessment
Accuracy in classification is the level of agreement between labels assigned by the classifier and the class allocation on the ground collected by the user as test data [14, 23] . In this study stratified random sampling method was used for accuracy assessment, in which the user knowledge is used to divide the area into groups or strata and each stratum would be sampled randomly.
Region of interests (ROIs) for each class was defined and pixel samples were selected based on stratified random sampling method. Confusion matrix was calculated using ground truth ROIs.
IV. RESULTS AND DISCUSSIONS

A. Object based classification
Normalized difference vegetation index (NDVI) was used to easily separate water from other classes due to different susceptibility levels of water bodies. Then, Area attribute was used to remove small features that were classified in water class incorrectly. Since the steel roofs in this subset are almost new, by choosing a threshold in min-band 1 (blue band) all the other classes were removed from the classification and the steel roofs were classified in this class perfectly. Small steel parts in other building roofs were removed by specific threshold of Area attribute. Texture attribute was used for distinguishing shadow class from vegetation and heterogeneous surfaces like roofs and roads. Band ratio was used to remove water bodies from this class. Band-ratio was used to remove all the materials and leave the vegetated areas. By applying Compact attribute tress and grasses could be distinguished from each other and Tx-entropy and maximum band 3 (red band) was useful in case of completely removing grasses from tree class. Band ratio and Hue was used to detect concretes they are attributes relating to color, and by applying area attribute the small unnecessary parts also was removed from concrete roofs. Vegetation was removed from road class using band-ratio and Compact attribute was used to remove other solid materials like steel and concrete roofs. Finally, shadows were deleted by average band 2 (green band).
B. Transferability of object-based classification study areas
The same steps for classification of fi QuickBird, including segmentation and developed rule-sets, were applied on second an of same data. The existing rule-sets were genera the available threshold on new subset. The at were used for first subset of QuickBird was c new thresholds (for new images) and reported in V. CONCLUSION Spectral similarities of urban features, due to their heterogeneity may cause some problems and limitation in case of feature detection and extraction in many methods. The method which was used in this study, object based image classification, is able to extract urban feature and classify them it proper classes using rule based object-based classification approach using rule-sets; the rules include some specific threshold of some specific attributes based on the properties of each class material. The overall accuracy for object-based classification was 89.82 percent which is also an acceptable amount for overall accuracy. As the existing rule-sets are hardly transferable, a program was written for generalizing the existing rule-sets for new subset image. Same rule-sets with generalized optimum thresholds of new subset image was applied on second subset of QuickBird, and the classification was successful with 84.91% accuracy.
Further research can be on developing an automatic approach to calculate the optimum threshold for new study area based on the mentioned parameters so that the user does not have to enter the values one by one to get the optimum threshold value. Ancillary data can also be useful for better classification result, especially for materials with similar properties such as road and concrete.
